Abstract. In this paper, we deal with the problem of M2M gateways' network selection for M2M traffic in heterogeneous wireless networks. Game theory is adopted to solve the problem of network-channel selection. Then, an iterative algorithm based on optimal reaction criterion is presented to obtain the NE of the proposed game. In simulations, the proposed iterative algorithm can achieve a near optimal sum utility of whole network with low complexity compared to the exhaustive search. In addition, the simulation results show that our proposed algorithms outperform existing methods in terms of sum utility and load balance.
Introduction
Machine-to-Machine (M2M) communications technology is a key technique of the Internet of things (IoT) to realize efficient, real-time transmission [1] . In M2M communications, machines communicate with each other without human intervention. The goal of M2M communications is to provide ubiquitous connectivity among all machine nodes. However, different types of M2M traffic require different degrees of QoS. Due to the fixed and limited resources of heterogeneous networks, the resources should be allocated to M2M nodes appropriately in order to satisfy different types of traffic's QoS requirements. How to provide efficient and reliable M2M communications in heterogeneous wireless networks has become an urgent problem. Network selection is an efficient solution to guarantee users' QoS by using various network resources [2] - [11] . Recently, many studies have proposed various network selection schemes. However, the experimental results in [12] showed that, compared to traditional human-to-human (H2H) traffic, M2M traffic exhibited different patterns in multiple aspects. Therefore, without considering the characteristics of M2M traffic during network selection procedure, these schemes mentioned in [2] - [11] can't be applied to M2M communications directly. In addition, a cost-effective and scalable M2M solution can be offered by hierarchical network architectures, in which various M2M applications will be supported.
In this paper, a wireless access scheme in the M2M gateways is investigated for hierarchical heterogeneous wireless network. Game theory is adopted to solve the problem of the M2M gateways' network-channel selection. Then, an iterative algorithm based on optimal reaction criterion [13] are presented to obtain the NE of the proposed game. Finally, simulation results show that the proposed scheme can improve the efficiency of network resources, i.e., achieving better load balance.
System Model
We consider a particular service area in the coverage of the heterogeneous wireless network environment consisting of heterogeneous access networks (e.g., GSM/WCDMA/CDMA-2000/LTE, etc.), M2M gateways and many M2M nodes as shown in Figure 1 . In this paper, we focus on the uplink communication of M2M nodes, i.e., the transmission from M2M nodes to M2M servers. Figure 1 captures a hierarchical M2M system architecture over heterogeneous wireless networks, wherein multiple M2M nodes and an M2M gateway forms a group. In a group, M2M nodes can't send data to the M2M server directly in uplink channel, they connect to M2M gateway firstly. Then, according to the QoS requirements of the received traffic and network load, the M2M gateway chooses wireless access channel to send these traffic. We assume that the set of access networks is {1, 2, , } N  N and the set of M2M gateways is 
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{1, 2, , } M  M . Network j  N can provide {1, 2, , } j j K  K channels with different bandwidth. The k th ( j k  K ) channel of Network j ( j  N ) j k CH can serve
Game-Theoretic Formulation
In this paper, we emphasize on how M2M gateways select wireless channel to meet different traffic's QoS requirements and maximize the utility of the whole network simultaneously. First, the utility of the whole network is presented. Then, we analyze how to model the network selection problem the utility by game theory.
Without loss of generality, we assume that the i th M2M gateway selects the channel 
The parameter CH and can be obtained as
where j k C denotes the achievable rate of the channel
The utility of whole network is defined as , ,
Each M2M gateway selects a channel to maximize the sum utility reward sum u . Furthermore, network-channel selection strategy profiles which go against constraints { | , ,
cannot be selected. However, it is difficult to know which network-channel selection strategy profiles are infeasible in advance. Thus, sum u cannot be used as gateways' utility function. Inspired by the game model given in [13] , we define the utility function of the i th M2M gateway as
where
x  ,  is a non-negative constant, and it is chosen to be large enough to ensure that 
Iteration Algorithm of Network-channel Selection
In this subsection, an iterative algorithm of network-channel selection (IANCS) is designed, as shown in Algorithm 1. The NE of the proposed game can be obtained by updating the strategies of M2M gateways based on the best response rule. ( ( 1), ( 1)), 
Simulation Results and Performance Analysis
In this section, the performance of both IANCSS and DNCSALA is evaluated. Group control is one of the M2M features and the group division is based on location and function. Hence, it is reasonable to assume that an M2M gateway sends a single type of traffic. In simulations, we assume that there are two kinds of gateways: flexible gateway and rigid gateway. The flexible gateway and the rigid gateway only support flexible traffic and rigid traffic, respectively.
Firstly, the convergence of our proposed IANCS algorithm is evaluated. The convergence speed of IANCS under different numbers of gateways is plotted in Figure 2 , where 5 SNR  dB. Since the convergence speed of IANCS is mainly related to initial state and utility function, we assume that all gateways are flexible ones for simplicity. The conclusions can be easily extent to other situations. It can be known from Figure 2 that the convergence speed is very fast ( no more than 3 iterations when the number of M2M gateways is small ). Furthermore, we find that the number of M2M gateways has little effect on the convergence speed. . "scheme in [2] " denotes the scheme proposed in [2] , in which each gateway selects channel to maximize its throughput and to balance the load of network. "Random selection" scheme means that each M2M gateway selects a channel to access randomly. From Figure  3 , due to using globe information, the performance of IANCS is most close to that of exhaustive search. Compared to "scheme in [2] ", our proposed algorithm have better performance of the sum utility due to the gain obtained by selecting channels according to the characteristics of M2M traffic. Furthermore, without using any information, the performance of "random selection" is worst. 
Conclusions
In this paper, a game-theoretic method is adopted to solve the problem of M2M gateways' channels and networks selection in heterogeneous wireless networks. An iteration algorithm (IANCS) is proposed to obtain the pure strategy NE of the proposed game. Simulation results show that IANCS has a good performance and the convergence speed of it is very fast. Compared to the exhaustive search, the proposed algorithm can achieve a near optimal sum utility of whole network. The algorithm can also substantially improve the utility of whole network under the constraints on network resources compared to the "scheme in [2] " and the "random selection" scheme.
